A 68-year-old man developed pneumonia 2 days after nearly drowning in a bathtub of a hot spring spa. Chest radiography revealed bilateral consolidation shadows associated with adult respiratory distress syndrome. Initial treatment with antibiotics and pulse therapy with methylprednisolone was not effective. The patient died on the 4th hospital day. A urinary antigen test for Legionella was positive. Legionella pneumophila serogroup 3 was recovered from an intratracheal specimen. The same serotype of Legionella was isolated from the hot spring water. Restriction enzyme analysis by pulse-field gel electrophoresis revealed identical restriction fragments. We conclude that the water at the hot spring spa could have been the source of infection. 
Introduction
Community-acquired pneumonia remains a common and serious illness with a significant morbidity and mortality despite the availability of potent new antibiotics and other effective therapies. Despite progress in diagnostic tools and laboratory tests, it usually takes at least a few days to identify causative microorganisms in blood or sputum samples, and the etiology of about half of all patients with community-acquired pneumonia remains uncertain. Legionnaires' disease is caused by Legionella pneumophila and is characterized as an acute febrile respiratory illness ranging in severity from mild illness to fatal pneumonia (1) . Recent studies on community-acquired pneumonia showed a relatively lower frequency of Legionella pneumonia in Japan (0.6%) (2) than in Western countries (3 to 16%) (3, 4) . The clinical and radiological features of Legionella pneumonia are nonspecific, and the diagnosis depends on laboratory tests. Legionella pneumophila constituted 91.5% of reported cases of Legionella infections. Serogroup 1 was the predominant serogroup (84.2%), and serogroups 2-13 (7.4%) accounted for the remaining serogroups (5) . Here, we present a sporadic case of Legionella pneumonia caused by Legionella pneumophila serogroup 3, and identify the source of infection at the hot spring spa.
Case Report
A 68-year-old man with no apparent general disease was found unconscious by nearly drowning in a bathtub of a hot spring spa on January 16, 2003 . He immediately recovered consciousness and drove his car home. After 2 days, he presented with high fever, cough and sputum, and his disease was diagnosed as pneumonia at the outpatient clinic of our hospital. He was treated with piperacillin (PIPC) at 2 g intravenously for one day and cefcapene pivoxil (CFPN-PI) at 300 mg orally for 2 days. However, his symptoms continued. Moreover, he also suffered dyspnea and showed signs of hemosputum. He was admitted to our hospital on January 20.
The findings from physical examinations on admission were as follows; height: 170 cm, body weight: 75.0 kg, body temperature: 39.3°C, blood pressure: 130/80 mmHg, pulse rate: 102 beats per minute, irregular, respiratory rate: 30 breaths per minute. The palpebral conjunctivae were not anemic, and bulbar conjunctivae were icteric. There were no ab-Legionella Pneumonia Associated with Adult Respiratory Distress Syndrome Caused by Legionella Pneumophila Serogroup 3 normal heart sounds, though inspiratory coarse crackles were heard in both lungs. Laboratory findings on admission (Table 1) were as follows; white blood cell (WBC) count was 15,200/ l (neutrophils 90.9%, lymphocytes 3.4%, basophils 0.1%, eosinophils 0.1%, monocytes 5.5%), total bilirubin was 2.8 mg/dl, indirect bilirubin was 2.0 mg/dl, asparate aminotransaminase (AST) was 79 IU/l, alanine aminotransaminase (ALT) was 42 IU/l, lactic dehydrogenase (LDH) was 539 IU/l, creatine kinase (CK) was 1,439 IU/l, and C-reactive protein (CRP) was 39.0 mg/dl. Arterial blood gas analysis on mask 10 l showed a PaO2 53.2 mmHg, PaCO2 24.8 mmHg, HCO -3 20.2 mM, BE -1.2 mM, SaO2 91.1%, PH 7.520.
On admission, chest radiography revealed bilateral consolidation shadows with air-bronchogram in the upper to middle lung field associated with adult respiratory distress syndrome (ARDS) (Fig. 1) , necessitating artificial ventilation a few times after admission (Fig. 2) . Sulbactam sodium/ ampicillin (SBT/ABPC) 3 g per day and pulse therapy with methylprednisolone 1 g per day for 3 days was administered, but no effect was obtained, and the lung lesion showed a rapid progression. An ordinary bacteriological culture of a respiratory specimen failed to yield any significant pathogens for the pneumonia. From this condition, we suspected Legionella pneumonia and changed the antibiotics to erythromycin 1,500 mg per day and minocycline 200 mg per day on the 3rd hospital day. Despite this, no improvement occurred and the patient died on the 4th hospital day (Fig. 3) .
The serum level of indirect fluorescent antibody titer to Legionella was not significantly elevated, but a urinary antigen test for Legionella (Binax Legionella Urinary Antigen EIA, Binax, Portland, Maine, USA) with concentrated urine on day 4 was positive. An intratracheal specimen obtained on day 3 inoculated for 48 hours on buffered charcoal yeast extract (BCYE) alpha agar plate at 37°C yielded grayish white colonies. Cells of the colonies were clearly agglutinated by anti-Legionella pneumophila serogroup 3 serum. The hot spring water where the patient nearly drowned was examined for Legionella. The culture was positive with recovery of 2.6×10 2 CFU/100 ml of Legionella pneumophila serogroup 3. In order to identify the source of infection, restriction enzyme analysis by pulse-field gel electrophoresis (PFGE) was performed as previously reported (6) . Genomic DNA was extracted with a GenePath plug Kit 5 (Bio-Rad Laboratories, Hercules, CA, USA) according to the manufacturer's protocol. Agarose plugs of DNA were digested for 16 hours at 37°C with 5 units of Sfi I. The plugs were then loaded into 1% SeaKem Gold Agarose gel (FMC Bioproducts, Rockland, ME, USA) that were prepared in running buffer, 0.5×TBE. The fragments were separated in the gel using a contour-clamped homogeneous electric field (CHEF) apparatus (Nippon Bio-Rad Laboratories, Tokyo). The gels were stained with ethidium bromide and photographed under UV illumination. The extracted DNA of the strains from both the patient and the hot spring water revealed identical restriction fragments, whereas one of the strains from the patient (Lane 5) showed a different restriction pattern (Fig. 4) . From these findings, we diagnosed the patient as having pneumonia due to Legionella pneumophila serogroup 3, and the water at the hot spring spa could have been the source of infection.
Discussion
Legionella pneumophila has been recognized as an important cause of both community-acquired and nosocomial pneumonia. Environmental systems, such as air-conditioning cooling towers, evaporative condensers, whirlpools, and hot spring baths have hosted and transmitted the organism (7-13). Cases of Legionella pneumonia presumably transmitted from contaminated hot spring spa water have been reported from Japan (14-17). Our result supported the circumstantial evidence that the present patient was infected with Legionella pneumophila serogroup 3 and developed severe pneumonia following aspiration of the hot spring water. However, it was unknown why 2 patterns that were not present as isolates from the hot spring water were seen as isolates from the patient. In epidemiological investigations, molecular subtyping techniques, such as monoclonal antibody typing, restriction enzyme analysis, hybridizationbased restriction fragment length polymorphism analysis, multilocus enzyme electrophoresis, and arbitrarily primed PCR have been used to subtype Legionella pneumophila serogroup 1 strains. However, only a few studies in which subtyping techniques were applied to other serogroups have been performed. In contrast to serogroup 1 strains, which can be subtyped with monoclonal antibodies, Legionella pneumophila serogroup 3 strains were found to be uniform in antigenic surface composition. Therefore, other techniques should be applied for subtyping. Harrison et al (18) and Tram et al (19) suggested that the strains of serogroup 3 were heterogeneous in their genomes as determined by hybridization-based restriction fragment length polymorphism typing. Luck et al (20) reported that macrorestriction analysis was a valuable tool for epidemiological studies of infections caused by Legionella pneumophila serogroup 3 and 4.
Current methods for the laboratory detection of Legionella pneumonia require a respiratory specimen or paired sera for accurate diagnosis. These techniques include Legionella culture, direct fluorescent antibody (DFA), indirect fluorescent antibody (IFA), and DNA probe. All of these rely on either obtaining an adequate respiratory specimen for sufficient sensitivity, or collecting sera at a 2-to 6-week interval. In the present case, colonies were clearly grown on BCYE alpha agar plates after 48 hours of incubation. Pendland et al reported that growth characteristics obtained on BCYE alpha agar plate with an incubation period of 72 hours did not differ significantly from those of 48 hours (21) .
The usefulness of urinary antigen detection for the diagnosis of Legionnaires' disease has been well documented. The presence of the antigen can be demonstrated by radioimmunoassay or enzyme immunoassay (EIA), both of which are sensitive (~80%) and specific (over 99%) (22, 23) . Kazandjian et al reported that the Binax urinary antigen kit could detect only Legionella pneumophila serogroup 1 antigen (24) . The Biotest urine antigen enzyme immunoassay (Biotest AG, Dreieich, Germany) has been recently introduced and according to the manufacturer has a wide range of cross-reactivity to Legionella pneumophila serogroup and other Legionella species (Biotest Legionella urine antigen test EIA instructions, Biotest AG). However, Benson et al reported that both Binax and Biotest urinary antigen kits were capable of detecting multiple serogroups of Legionella pneumophila (25) . In the present case, nevertheless the patient was infected with Legionella pneumophila serogroup 3, the urinary antigen test with the Binax kit was positive.
Legionella pneumonia has been treated with combinations of macrolides, tetracyclines, rifampicin, and new quinolones (26) . It has recently been confirmed in basic and clinical studies that various fluoroquinolones and some new macrolides are effective against Legionella (27, 28) . Edelstein (26) , and both the guidelines of the American Society for Microbiology and the American Thoracic Society recommended injectable new macrolides including azithromycin and intravenous fluoroquinolones as the first choice for treatment of Legionella pneumonia (26, 29, 30) . In Japan, there have been a few case reports of patients successfully treated with intravenous ciprofloxacin (31, 32) . Even if we had chosen antibiotics with intravenous ciprofloxacin in this case, we thought that this patient could not be cured because his lung lesion showed such a rapid progression. This is the second case report of Legionella pneumonia due to Legionella pneumophila serogroup 3 in Japan. Shiota et al first reported a case in 1995 and successfully treated that patient with minocycline and erythromycin (33) . In the present case, the laboratory detection of Legionella pneumonia was clear after the patient died. The mortality rate can be lowered if the disease can be diagnosed rapidly and the appropriate antibiotics are administered early. For this reason, a urinary antigen test will be useful for the detection in the early stage of Legionnaires' disease and because both Binax and Biotest urinary antigen kits are capable of detecting multiple serogroups of Legionella pneumophila. 
